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[57] ABSTRACT 

A method of memory array testing that detects defects which 
are sensitive to environmental conditions. A repair signature 
is generated reflecting the repair state of the memory. A 
memory device is rejected if there is a change in the repair 
signanire of the memory array over the operating range of 
the device. In one embodiment, an integrated circuit 
includes a memory array, spare memory elements for repair- 
ing defective locations of the memory array, a built-in 
self-test (BIST) circuit for detecting faults in the memory 
array, a built-in self-repair (BISR) circuit for causing the 
failed memory location of the memory array to be replaced 
with a spare memory element, and a signature generator 
where the signature is based on a compression of addresses 
corresponding to failed memory locations, wherein the sig- 
nature is used to determine that a repair result of the memory 
array is invariant over different environmental conditions. 
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METHOD AND APPARATUS FOR TESTING 
AN INTEGRATED MEMORY DEVICE 

HELD OF THE INVENTION 

The present invention relates generally to integrated ^ 
memory testing and more particularly to the built-in self-test 
and self -repair of memory devices. 

BACKGROUND OF THE INVENTION 

to 

A typical memory device is composed of a plurality of 
memory elements or cells defining a memory array, and may 
contain a plurality of memory arrays. A memory cell in the 
memory array is accessed by row and column locations. 
Typically, each cell will have an associated address and a 
row decoder will be used to select the row portion of the 
address while a column decoder will select the column of the 
cell. The memory array may include redundant elements for 
use as replacement elements for defects. The redundant 
elements are effectively spare elements. Redundant elements 20 
are allocated either as a row or as a column. For example, in 
a memory device having only row redundancy, if any cell in 
a row is defective, the entire row of cells will be replaced. 
Redundant elements may be arranged in a global or a local 
fashion. Local redundant elements are provided per memory 25 
array and cannot be applied to other memory arrays within 
a memory system. Global redundant elements are available 
for replacement of elements within any memory array in the 
memory system. 

In production..it is necessary to assure the quality and 30 
operation of a memory device, lypically, a predetermined 
test pattern sequence is used to test each cell in the memory. 
The pattern may include any number of steps, each step 
consisting of a number of read/write sequences. A typical 
test method initially writes a first value to a memory cell to 35 
be tested. The test then reads that memory cell to verify that 
the value is stored in the memory cell. The test then writes 
a second value to the memory cell, where the second value 
is the complement of the first value. Storage of the second 
value is then verified. If the memory cell fails any step 40 
within the test method, the memory cell is considered 
defective. The testing of memory may be performed by an 
external tester, such as an automatic test equipment (ATE), 
or may be performed internally in the memory device. 
Internal testing is referred to as built-in self- test (BIST). 45 

On detection of a defect in a memory cell error, i.e. test 
failure, it is desirable to replace that memory cell with a 
redundant element. For example, replacement of a defective 
cell with a spare row, or redundant element, is referred to as 
a repair. A row repair of a memory cell involves configuring so 
the address input to select the spare row instead of the 
defective row. In effect, the spare row replaces the row 
containing the defective cell. Similarly, it is also possible to 
replace all cells in a column of a memory array, where the 
redundant element is a column, and the entire column 55 
containing the defective cell is replaced. Repair of the 
memory array may also be performed externally to the 
memory device, where the defective cells are tested and 
recorded or marked, and then a permanent replacement is 
made to redundant elements. One method of repair involves 60 
laser repair, which creates an open circuit to program a 
redundant element to respond to the address of the defective 
cell. The laser effects programming by selectively cutting a 
metal trace coupled to the address logic of the defective cell. 
The additional circuitry required to facilitate such program- 6S 
ming and the additional production step to perform laser 
cutting result in additional cost. 
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Memory cell repair may be performed internally by a 
built-in self-repair (BISR) circuit. The BISR is typically 
used in conjunction with the BIST, but facilitates repair 
internally, without the use of external methods, such as laser 
cutting. The BISR performs an electrical repair, which may 
be permanent or temporary. A permanent repair uses non- 
volatile technology, such as electrically erasable program- 
mable memory, one time programmable memory (OTP), or 
flash memory. Incorporation of non-volatile memory tech- 
nology strictly for repair functions is cost prohibitive and is 
not often considered unless the integrated circuit device has 
already included this technology for other feauires. Tempo- 
rary repair utilizes conventional logic and may be imple- 
mented without additional fabrication steps. Temporary 
repair offers a cost effective method of replacement, but the 
repairs must be made each time the device is powered up. 
This is true during production testing, and continues 
throughout the life of the device. The user must continue to 
repair any defective memory cells every time the device is 
powered up. A drawback associated with temporary repair is 
the lack of certainty that the same repairs will be made to the 
device in a user's system as were made in production testing. 
The concern is that environmental changes may have an 
effect on the operation of memory cells. Environmental 
conditions include operating voltage, temperature, fre- 
quency of the device, etc. 

For example, production testing may discover a failure 
that occurs in a given environmental condition, such as at 
high temperature. The failure may be repaired by replacing 
the defective memory cell, so the memory device is not 
rejected. If the user performs the BISR at room tcmperamrc, 
where the user's environmental condition docs not cause the 
high temperature failure, the BISR will not repair the 
defective cell. If the user's system later encounters the 
original environmental condition that caused the failure in 
production testing, i.e. high temperature, the memory cell 
will fail. There is a need for detecting memory device 
defects, where the defects are sensitive to environmental 
conditions and are not exhibited over the entire operating 
range of the device. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 illustrates, in block diagram form, a data process- 
ing system according to an embodiment of the present 
invention; 

FIGS. 2 and 3 illustrate, in block diagram form, error 
qualifier 38 of FIG. 1, according to embodiments of the 
present invention; 

FIG. 4 illustrates, in block diagram form, signature gen- 
erator 32 of FIG. 1, according to an embodiment of the 
present invention; and 

FIG. 5 illustrates, in flow diagram form, a process of 
memory repair monitoring according to one embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

According to one aspect of the present invention, a 
method of memory test detects defects in a memory array 
which are sensitive to environmental conditions. An envi- 
ronmentally sensitive defect is characterized by any change 
in the repair state of the memory device over the operating 
range of the memory device. The method generates a 
signature value to reflect the repair state of the memory 
device at a first operating condition and generates a second 
signature value to reflect the repair state of the memory 
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device at a second operating condition. Environmentally 
sensitive defects are detected when the second signature 
value is different from the original signature value. 
Effectively, a oicoiory device is rejected if there is a change 
in the repair state of the memory array over the operating 
range of the device. 

The term "bus" will be used to refer to a plurahty of 
signals or conductors which may be used to transfer one or 
more various types of information, such as data, addresses, 
control, or status. The terms "assert" and "negate" will be 
used when referring to the rendering of a signal, status bit, 
or similar apparatus into its logically true (i.e. active or 
asserted) or logically false (i.e. inactive or negated) state, 
respectively. If the logically true state is a logic level one, the 
logically false state will be a logic level zero. And if the 
logically true state is a logic level zero, the logically false 
state will be a logic level one. 

In one aspect of the present invention, an integrated 
circuit, includes a memory array; a plurality of spare 
memory elements for repairing defective locations of the 
memory array; a built-in self-test circuit, coupled to the 
memory array, for detecting faults in the memory array, and 
in response to detecting a fault, storing an address corre- 
sponding to a failed memory location that caused the fault 
and producing an output signal indicating when a fault is 
detected; a built-in self-repair circuit, coupled to the memory 
array, for causing the failed memory location of the memory 
array to be replaced with a spare memory element of the 
phirality of spare memory elements; and a built-in self- 
repair monitoring circuit, coupled to the btiilt-in self-test 
circuit, for generating a signature based on a compression of 
addresses corresponding to failed memory locations, 
wherein the signature is used to determine that a repair result 
of the memory array is invariant over different environmen- 
tal conditions. 

In another aspect of the present invention, a data process- 
ing system, includes a central processing unit; a memory 
array, coupled to the central processing unit, for storing 
information for use by the cental processing unit; a plurality 
of spare memory elements for repairing defective locations 
of the memory array; a built-in self- test circuit, coupled to 
the memory array, for selectively detecting defects in the 
memory array, and in response to detecting a defect, pro- 
viding an address corresponding to a defective memory 
location and producing an output signal for indicating when 
a defect is detected; a built-in self -repair circuit, coupled to 
the memory array, for selectively causing a defective 
memory location of the memory array to be repaired with a 
spare memory element of the plurality of spare memory 
elements; and a built-in self-repair monitoring circuit, 
coupled to the built-in self-test circuit, for generating a 
signature based on a compression of addresses correspond- 
ing to defective memory locations, wherein the signature is 
used to determine that a repair result of the memory array is 
invariant over different environmental conditions. 

In another aspect of the invention, a method for testing 
and repairing an embedded memory in an integrated circuit 
includes the steps of: (i) setting a first predetermined envi- 
ronmental condition for testing the embedded memory; (ii) 
activating a built-in self -test circuit and a built-in self -repair 
circuit to delect and repair faulty memory cells of the 
embedded memory under the first predetermined environ- 
mental condition; (iii) generating a first signature based on 
addresses of the faulty memory cells determined during 
testing under the first predetermined environmental condi- 
tion; (iv) providing the first signature to a first storage 
location; (v) setting a second predetermined environmental 
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condition for testing the embedded memory; (vi) clearing 
results of detecting and repairing faulty memory cells under 
the first predetermined environmental condition; (vii) acti- 
vating the built-in self-test circuit and the built-in self-repair 

5 circuit to detect and repair faulty memory cells of the 
embedded memory under the second predetermined envi- 
ronmental condition; (viii) generating a second signature 
based on addresses of the faulty memory cells determined 
during testing under the second predetermined enviroiunen- 
tal condition; (ix) providing the second signature to a second 
storage location; and (x) comparing the first signature to the 
second signature, and if the first signamre is not the same as 
the second signature, determining that the embedded 
memory does not meet a predetermined specification. 

FIG. 1 illustrates data processing system 5 according to 
one embodiment of the present invention. Data processing 
system 5 includes a central processing unit (CPU) 15, BIST 
30, BISR monitoring circuit 31, memory 41, memory con- 
troller 20, memory interface 37 and BISR circuit 39. CPU 15 

20 is coupled to memory interface 37 by way of address bus 6 
and data bus 7. Memory controller 20 is coupled to CPU 15 
by way of multiple conductors. Memory controller 20 pro- 
vides a control signal to memory interface 37 by way of 
conductors 8. Memory 41 is a memory having redundant 

25 spare elements, such as found in a dynamic random access 
memory (DRAM) or a static random access memory 
(SRAM). 

Memory interface 37 is used to multiplex address, data 
and control between CPU 15 and BIST 30. For normal 

30 operation, memory interface 37 receives address informa- 
tion from CPU 15 via address bus 6 and transfers that 
information to memory 41 via address bus 9. According to 
one embodiment, addresses busses 6 and 9 are unidirectional 
multiconductor busses. Similarly, memory interface 37 com- 

35 municates data information with CPU IS via bidirectional 
data bus 7 and with memory 41 via bidirectional data bus 11. 
Memory controller 20 monitors operation of CPU 15 and 
provides control signals to memory interface 37 via con- 
ductors 8, where the control signals provide information 

40 necessary for communication with memory 41 via conduc- 
tors 13, Control signals include any number of signals, such 
as a read/write (RAV) indicator, a chip select signal (CS), a 
row address strobe (RAS), and column address strobe 
(CAS). 

45 Memory interface 37 receives a GOBIST signal to initiate 
internal memory testing. In response to the GOBIST signal, 
memory interface 37 receives address information from 
BIST 30 via address bus 17. Memory interface 37 commu- 
nicates data information via data bus 19 and control infor- 

50 mation via conductors 21. During BIST operation address is 
provided to memory 41 via address bus 9, data is commu- 
nicated with memory 41 via data bus 11, and control 
information is provided by conductors 13. BIST 30 is an 
internal testing unit used to detect defects in memory array 

55 40. BIST 30 includes address generator 36 and data compare 
34. During BIST operation, address generator 36 generates 
an address to be tested. According to one embodiment, BIST 
tests rows sequentially starting with an initial row and 
sequencing through the entire array. The address to be tested 

60 is provided to memory interface 37,. which conveys the 
information to memory 41. 

BISR monitoring circuit 31 inchides error qualifier 38 and 
signature generator 32. Address generator 36 provides row 
address information to error qualifier 38. The row address 

65 information is the portion of the address identifying the row 
of the address under test. Error qualifier 38 also receives 
• pass/faU information from data compare 34. On receipt of a 
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fail indicator, error qualifier 38 compares the row address signature (REPAIR SIGNATURE). In one embodiment, 

received from address generator 36 to a fail history of REPAIR SIGNATURE is a serial output of BISR monitoring 

memory array 40. If there is a match, error qualifier 38 circuit 31. In an alternate embodiment, REPAIR SIGNA- 

ignoix^ the fail indication by negating the QFAIL signal. TURE is a multiple bit signal provided in parallel on 

However* if there is no match detected, error qualifier 38 $ multiple conductors. 

asserts the signal QFAIL, which indicates a first failure of FIG. 2 iUustrates an embodiment of error qualifier 38 of 

this row. QFAIL is provided to signature generator 32, which FIG. 1. Row address infonnation is provided to address 

creates a repair signature, where the repair signature is based comparator 54 by address generator 36. Last fail row address 

on a compression of those rows which resulted in assertion 52 stores the address of the last failing row. Row address 

of QFAIL. The repair signature is initialized to a start value information is provided to last fail row address 52 from 

and is thereafter updated each time QFAIL is asserted during address generator 36, and is updated in response to an 

BIST/BISR operation. The repair signamre reflects the UPDATE signal received from error identification control 

repair stale of memory array 40 at completion of BIST/BISR 50. On receipt of a FAIL signal, address comparator 54 

operation. The repair state is a characteristic of the defective compares the address of the present row under test to the 

rows replaced during this repair cycle. The repair signature address stored in the last fail row address 52. If the current 

is a surrogate of the repair slate of memory 41. row address and the last fail row address match, no error 

While the present embodiment describes memory device identification is indicated and the FIRST FAIL signal is 

41 as having redundant elements characterized as spare negated. If the current row address and the last row address 

rows, alternate embodiments may include spare columns do not match error identification is indicated and the FIRST 

and/or a combination of spare rows and columns. Data UPDATE, and QFAIL signals are asserted, 

compare 34 is coupled to memory interface 37 by way of a For example, where BIST 30 tests row address 1000 in 

bidirectional data bus 19, Data compare 34 generates memory array 40, BIST 30 tests all cells within row 1000 

memory input data to be used during BIST testing and sequentially by testing all of the column addresses for that 

verifies the memory output data at the address under test. row. During the testing of row 1000, only the row address 

When an error is detected, data compare 34 provides a fail 25 information is provided to error qualifier 38, even though 

indication to error qualifier 38, and provides a repair signal each cell is identified by row address 1000 and a specific 

to BISR circuit 39. BISR circuit 39 is coupled to row colunm address. If any cell in row 1000 fails, the address 

decoder logic 46. Memory array 40 is coupled to row 1000 is stored in last fail row address 52. As testing 

decoder logic 46 and cohimn logic 44. At least one spare row continues through row 1000, any subsequent failing cells in 

is located within, memory array 40, and may be located 3Q tow 1000 have the same row address. If the row address 

adjacent to memory array 40. Row decoder logic 46 and stored in last fail row address 52 is 1000, any failing cell in 

columD logic 44 are responsive to address information row 1000 will result in a comparison match. In this way, 

received from memory interface 37. Each cell within address comparator 54 will only indicate a first failed 

memory array 40 is identified by a row and column location. memory cell, i.e., a mismatch of the current failed row 

When memory array 40 receives address information from 35 address and the last failed row address. When the two 

memory interface 37, row decoder logic 46 decodes the row addresses do not match, address comparator 54 provides a 

of that address and column logic decodes the column of the first fail signal to error identification control 50 by asserting 

address. FIRST FAIL. Error identification control 50 also receives a 

When the REPAIR signal is asserted, BISR circuit 39 pass/fail indicator from data compare 34. For a pass 

replaces the row containing the defective memory cell with 40 condition, error identification control 50 ignores any first fail 

an available row from spare row 42. BISR circuit 39 is able indicator received from address comparator 54. For a fail 

to replace as many defective rows of memory array 40 as condition, error identification control asserts the QFAIL and 

there are spare rows for replacement for memory array 40. UPDATE signals in response to a first faU signal from 

In one embodiment, BISR circuit 39 alters a repair bit to address comparator 54. In this way, a fail mdication from 

modify the behavior of row decoder logic 46, such that a 45 data compare 34 initiates operation of error identification 

spare row 42 of memory 41 is allocated to respond to the control 50, and will generate an update signal to last fail row 

defective row address. In another embodiment, BISR circuit address 52 upon receipt of a first fail signal from address 

39 includes a content addressable memory (CAM) and a comparator 54. Upon receipt of the update signal, last fail 

spare row of memory cells; BISR circuit 39 enters an row address 52 latches the row address information replac- 

address of a memory row into the CAM. where each location 50 ing the last fail row address. 

in the CAM has a corresponding allocated spare row of An alternate embodiment of error qualifier 38, illustrated 

memory cells. In this embodiment, data is multiplexed from in FIG. 1, is illustrated in FIG. 3. Here, CAM 62 receives 

memory 41 or spare rows 42 onto data bus 11, and address row address information from address generator 36, and 

information is provided from memory interface 37 to BISR provides a miss indicator, MISS, to error identification 

circuit 39. 55 conu-ol unit 60. Error identification control unit 60 is enabled 

BIST 30 performs memory testing for each row of by the PASS/FAIL signal indicating FAIL received from data 

memory array 40. As a defective memory cell is detected, compare 34. For a pass condition, error identification control 

the memory row is replaced. During production, testing will 60 ignores any MISS signal received from CAM 62. For a 

often test the memory device over a range of operating fail condition, error identification control 60 generates a 

conditions. If the signature generated on any iteration of the 60 QFAIL signal in response to receipt of a miss signal from 

BIST/BISR process differs from a previous signature, the CAM 62. 

device is rejected. The signature generation and confirma- A content addressable memory (CAM) may be used to 

tion checks for repeatability of repair ensuring consistent, store the failed row address history information. CAM 62 

correct operation of the memory device. includes a plurality of memory cells, for storing data, and a 

BIST 30 provides a DONE signal upon completion of 65 data comparator for each entry. CAM 62 is used to store each 

testing and repair, a REJECT/ACCEPT indicator of the row address which has failed the BIST 30 testing. CAM 62 

success of BIST/BISR testing and repairing, and a repair compares a received failing row address with data stored 
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within each of its eotries. If there is a match, the miss signal first signature with a second signature to see if there has been 

is not generated, as this address has previously been iden- a change. When a signature changes due to environmental 

tified as a failed row. When the received row address does coixlitions, such as voltage or temperature change, the 

not match any of the contents of the entries within CAM 62, device is rejected. 

a miss signal is generated, the rweWed address is loaded as 5 ^ISJ test procedure according to one embodiment is 
a next entry in CAM 62. and QFAIL is asserted. fllustrated in FIG. 5. BIST30 testing begins at the start blodt 
Refwring agam to FIG. 1, signature generator 32 receives proceeds to block 70 where initial environmental con- 
a QFAIL signal from error qualifier 38. Signature generator enviromnenial condition describes the 
32 then generates a repair signature, which « a surrogate environment, and may include any number of 
represeoteUon of the repair sute of memory 41. Tlie repair ,„ conditions, such as voltage level, temperature, and fre- 
state describes which row addresses failed and were ^^^-^^ environmental con- 
replaced. The repair state is effectively mapped into the j^^, ^„„^„„,bie by external automated test 
signature, which ,s then used to check for changes m the ; (Xte). The test equipment generates signals to 
repair state. Any change in the s^gnMure indicates a change ^^^.^^ ^^ conditions in which the device is 
in the repair state, i.e. a change m the replacement of rows 15 ^ tested 

in memory 41. In one embodiment, the mapping of repair „ . ' li l y^.c^,^ 

I c.„„,..„- , A»m. ,h,, Processmg flow contmues to block 72. where the BIST 30 

state mto a signature mcorporates a generation scheme tbat , j ■ . ^< 

r ■ .-1 m test cycle and BISR monitormtt circmt 31 repair cycle IS run. 

provides a sequence of unique, nonrepeating values sufB- „,„~^,„ .. . . . f. -J* • f"" ^-Z"*^ " 

ciem for correspondence with the entire repTir slate space. » KT 30 testing is done to de^ct defe«s m memory 41. 

There are many ways to implement a signature generator; ,„ ^ISR momtonng circuit 31 and BISR circuit 39 performs 

the implementation selection is based on desig^ criteria. '° '^P»^ »^ the defecuve memory elements. Durmg B»T 

such as the risk of aliasing, and the cost of implementation. ^^i' « predettnnmed pattern of operations is applied to 

For example, where the s^amre is generated as a fiinction """OH; "'?y ^- ^ typical pattern will include a senes of 

only of the QFAIL signal, such as by use of a counter, there 7f °P«"«'°°f P***™*" «° '~'"°'L"?/cx ^ 

is a risk of aliasing. TTiis risk is inuoduced as the QFAIL „ in operation of memory array 40. BIST 30 

indicates that a faU occurred, but the signature generation " '""^S P«*"^ • 

does not consider which address failed. In contrasCwhen the s«q«"« of readAwitc operations. Output daU compansoD 

signature is generated as a function of the faUing row '^^^^ ^\ ^ T."^ ^ r*^, 

address, such as by use of an accumulator, the rlk of of (veraUons. When the data oompanson fails, the 

aliasing is reduce«{ but the cost of implementation is « .T'^k?^ '^T * 

increa^d. The litler method reduces the risk of aliasing as ^ignamre is generated in bk)ck 74. TTie firet repan signanire 

the signature now considers more specific information, i.e. SeTl'i'^T^^n f T ^i^'^^^'^'^V ff""^ 

- ... , , *^ the first BIST/BISR test cycle. Prooessing flow continues to 

the failing row address. ui i u .u • - . j • - i . . 

. ... . r r-ii^ t ' block 76 where the signature is stored in external test 

In one einbodmaent. stgnatute generator 32 of FIG. 1 is ^ ^ ^ote that the signamre may be processed exter- 

mplemenled by a counter, and the signatu^^ j5 „^„;b an ATE or internally within the the integrated 

function of QFAIL. The counter may be a binary counter, a circuit 

linear feedback shift register, gray code counter, or any other . . , j . - . -n. 
circuitry for generating a sequence of non-iepeating values ^'"'^ « «f environmental condition is set. The 
over. 8 definwl space. TIk counter is first initiaUzed to a «r<:°'«' environmental condition may change multiple con- 
known value, and incremented on each occurrence of « diUons or may ody change one cond^^^^^^^^ 
QFAIL Upon compleUon of BIST testing the repair signa- ?onUnues to block 80 where BIST/BISR testmg and repair 
ture is available from signahire generator 32 on a bus as a perfomied once again to det^jmd repau- defects. At the 
multiple bit signamre. Alternate embodiments may output ^^'^P^^^^on of this second BIST/BISR esting and rep«r 
the s^naturc in a serial manner. ^y?l=' » repan signamre generated to mdicate the 
, , ... . -1, . . J ■ r-i^ A * failed memory locations discovered during the second BIST/ 
In an alternate embodiment illustrated m FIG. 4, signature 45 mon . j 1 a. j • - ui 1 m 

. , , 1 , z:/r A ' * BISR testing and rcpau- cycle. At decision block 83 the first 

generator 32 includes an accumulator 65, and the signature ^ a - . - - 

» , . tL r f 1 J AA A signature is compared to the second signature. Decision 

generated is a function of the failed row addresses. Accu- ui 1 01 ^ . - t *u • u • ♦u ♦ ir 

* , ^„ _c -.u i ' ^ block 83 determines if there IS a change m the signature. It 

mulator 65 performs an arithmetic or logic function pos- . . . • «u • ♦ tu ^t, . 

. ^ . there is a change in the signature, then the memory is 

sessing a commutative property, such as an addition opera- , * j . ui \ oa ir «u • I • .u ■ ^ 

^ . . A i«ic«« .u rejected at block 84. If there IS no change in the signature, 

tion or a subtraction operation. Accumulator 65 stores the 50 » . ui 1 or tr*u ^ • 

, - • ^ then testing continues at block 86. If the two signatures arc 

result of successive operations m response to assertion or the . f . . , * • j .l . c 

r^T^Ati ' I A 1 . r« • ^ . ' 1 the same, testmg continues and may include the testing of 

QFAIL signal. Accumulator 65 receives a reset signal for . j 1 . . ui u *ffo * . au ■ 

..... . , , . 1 . ic« . . other modules or a return to block 78 to set another envi- 

initiahzation to a known value. Accumulator 65 receives a ronmental condition 

current row address of a row under test. QFAIL is provided , . ' . , . 

to accumulator 65 by error qualifier 38. Assertion of QFAIL 55 Although the invention has bceo described and illustrated 

instructs accumulator 65 to process the received current row ^^l^ reference to specific embodiments, it is not intended 

address with the accumulated value. Upon completion of invention be hmiled to those illustrative elements. 

BIST testing, accumulator 65 receives an asserted shift Therefore, it is intended that this mvention encompass all of 

enable signal instructing accumulator 65 to serially shift the variations and modifications as fall within the scope of 

accumulated value out as the repair signature. A shift clock 60 appended claims, 

is provided to accumulator 65 for output control of the repair ^^at is claimed is: 

signature. Alternate embodiments may output the signature ^ ^ mtegrated circuit, comprising: 

in a parallel manner via an output bus or other parallel a memory array; 

communication means. a plurality of spare memory elements for repairing defec- 

During production, the repair signature wQI be captured 65 tive locations of the memory array; 

on the test equipment and may be tracked throughout the - a built-in self-test circuit, coupled to the memory array, 

device's test. Typically, the test equipment will compare a for detecting faults in the memory array, and in 
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response to detecting a fault, providing an address 
corre^onding to a failed memory location that caused 
the fault and producing an ou^ut signal indicating 
when a fault is detected; 

a buih-in self-repair circuit, coupled between the built-in 
self-test circuit and the memory array, the repair circuit 
causing the failed memory location of the memory 
array to be replaced with a spare memory element of 
the plurality of spare memory elements; and 

a built-in self-repair monitoring circuit, coupled to the 
built-in self-test circuit and comprising a signature 
generator, the built-in self-repair monitoring circuit 
generating a signature based on a compression of 
addresses corresponding to failed memory locations, 
wherein the signature is used to determine that a repair 
result of the memory array is invariant over different 
environmental conditions. 

2. The integrated circuit of claim 1, wherein the plurality 
of spare memory elements arc characterized as being spare 
rows of memory cells. 

3. The integrated circuit of claim 1, wherein the plurality 
of spare memory elements are characterized as being spare 
columns of memory cells. 

4. The integrated circuit of claim 1, further comprising an 
error qualifier having an input for receiving addresses cor- 
responding to failed memory locations, and in response, 
providing a failure output signal to the signature generator, 
in response to the failure output signal the signature gen- 
erator updating the signature. 

5. The integrated circuit of claim 4, wherein the error 
qualifier comprises: 

an address comparator having a first input for receiving 
the addresses corresponding to the failed memory loca- 
tions indicating a current failing address, a second input 
for receiving a last failing address, and an output for 
providing a comparison result; 

an address register having an input for receiving the 
addresses corresponding to the failed memory 
locations, a second input terminal for receiving an 
update signal, and an output terminal coupled to the 
second input of the address comparator, the address 
register storing the last failing address; and 

a control um't having a first input for receiving the 
comparison result, a second input for receiving the 
output signal from the built-in self-test circuit, a first 
output for providing the update signal, and a second 
output for providing the failure output signal to the 
signature generator. 

6. The integrated circuit of claim 4. wherein the error 
qualifier comprises: 

a content addressable memory having an input for receiv- 
ing the addresses corresponding to the failed memory 
locations, and an output for providing a miss signal, the 
miss signal being provided in response to the content 
addressable memory determining that a current address 
of the addresses corresponding to failed memory loca- 
tions has not been previously loaded, and upon gener- 
ating the miss signal, loading the current address; and 

a control unit having a first input for receiving the output 
signal from the built-in self-test circuit, and second 
input coupled to the output of the content addressable 
memory, and an output for providing the failure output 
signal to the signature generator. 

7. The integrated circuit of claim 4, wherein the signature 
generator includes a counter. 

8. The integrated circuit of claim 4, wherein the signature 
generator includes an accumulator. 
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9. The integrated circuit of claim 4, wherein the signature 
generator outputs the signature as a serial output. 

10. The integrated circuit of claim 4, wherein the signa- 
ture generator outputs the signature as a parallel output. 

11. The integrated circuit of claim 4, wherein the signature 
generator includes a first input for receiving the addresses 
corresponding to the failed memory locations, a second 
input for receiving the failure output signal, a third input for 
receiviqg a shift clock signal, a fourth input for enabling a 
shift operation in the signature generator, a fifth input for 
receiving an initialization signal, and an output for providing 
the signature. 

12. The integrated circuit of claim 1, wherein the memory 
array is embedded on a common semiconductor substrate 
with other circuits. 

13. The integrated circuit of claim 12, wherein the 
memory array is characterized as being a dynamic random 
access memory. 

14. The integrated circuit of claim 12, wherein the 
memory array is characterized as being a static random 
access memory. 

15. A data processing system, comprising: 
a central processing unit; 

a memory array, coupled to the central processing unit, for 
storing information for use by the central processing 
unit; 

a plurality of spare memory elements for repairing defec- 
tive locations of the memory array; 

a built-in self-test circuit, coupled to the memory array, 
for selectively detecting defects in the memory array, 
and in response to detecting a defect, providing an 
address corresponding to a defective memory location 
and producing an output signal for indicating when a 
defect is detected; 

a built-in self -repair circuit, coupled to the memory array, 
the built-in self-repair circuit selectively causing a 
defective memory location of the memory array to be 
repaired with a spare memory element of the plurality 
of spare memory elements; and 

a built-in self-repair monitoring circuit, coupled to the 
built-in self-test circuit, the built-in self-repair moni- 
toring circuit comprising a signature generator, the 
built-in self-repair monitoring circuit generating a sig- 
nature based on a compression of addresses corre- 
sponding to defective memory locations, wherein the 
signature is used to determine that a repair result of the 
memory array is invariant over different environmental 
conditions. 

16. The data processing system of claim 15, wherein the 
compression of the addresses is accomplished using an 
accumulator, the accumulator having an input for receiving 
the addresses corresponding to defective memory locations, 
the accumulator performing the compression, and in 
response, providing the signature as an output. 

17. The data processing system of claim 15, wherein the 
built-in self-test circuit and built-in self-repair circuit are 
activated in response to assertion of a built-in self-test 
activation signal. 

18. The data processing system of claim 15, further 
comprising an error qualifier having an input for receiving 
addresses corresponding to defective memory locations, 
providing a failure output signal to the signature generator, 
in response the signature generator updating the signature. 

19. The data processing system of claim 18, wherein the 
error qualifier comprises: 

an address comparator having a first input for receiving 
the addresses corresponding to the defective memory 
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locations indicating a current defective address, a sec- 
ond input for receiving a last defective address, and an 
output for providing a comparison result; 

an address register having an input for receiving the 
addresses corresponding to the defective memory 
locations, a second input terminal for receiving an 
update signal, and an output tenninal coupled to the 
second input of the address comparator, the address 
register storing the last defective address; and 

a control unit having a first input for receiving the 
comparison result, a second input for receiving the 
output signal from the built-in self-test circuit, a first 
output for providing the update signal, and a second 
output for providing the failure output signal to the 
signature generator. 

20. The data processing system of claim 18, wherein the 
error qualifier comprises: 

a content addressable memory having an input for receiv- 
ing the addresses corresponding to the defective 
memory locations, and an output for providing a miss 
signal, the miss signal being provided in response to the 
content addressable memory determining that a current 
address of the addresses corresponding to defective 
memory locations has not been previously loaded, and 
upon generating the miss signal, loading the current 
address; and 

a control unit having a first input for receiving the output 
signal from the built-in seLf-test circuit, and a second 
mput coupled to the output of the content addressable 
memory, and an output for providing the failure output 
signal to the signature generator. 

21. A method for testing and repairing an embedded 
memory in an integrated circuit, comprising the steps of: 

setting a first predetermined environmental condition for 
testing the embedded memory; 

activating a built-in self -test circuit and a built-in self- 
repair circuit to detect and repair faulty memory cells of 
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the embedded memory under the first predetermined 
environmental condition; 

generating a first signature based on addresses of the 
faulty memory cells determined during testing under 
the first predetermined environmental condition; 

providing the first signature to a first storage location; 

setting a second predetermined enviioamental condition 
for testing the embedded memory; 

clearing results of detecting and repairing faulty memory 
cells under the first predetermined environmental con- 
dition; 

activating the built-in self-test circuit and the built-in 
self -repair circuit to detect and repair faulty memory 
cells of the embedded memory under the second pre- 
determined environmental condition; 

generating a second signature based on addresses of the 
faulty memory cells determined during testing under 
the second predetermined environmental condition; 

providing the second signature to a second storage loca- 
tion; and 

comparing the first signature to the second signature, and 
if the second signature is different from the first 
signature, determining that the embedded memory does 
not meet a predetermined specification. 

22. The method of claim 21, wherein the method for 
testing comprises testing an embedded memory having a 
plurality of dynamic random access memory cells. 

23. The method of claim 21, wherein the steps of gener- 
ating the first and second signatures each comprises gener- 
ating the first and second signatures based on a compression 
of the addresses of the faulty memory cells. 

24. The method of claim 22, wherein the step of gener- 
ating the first and second signatures further comprises 
generating the first and second signatures using an accumu- 
lator. 
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